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1
METHOD FOR CONTROLLING THE
MOVEMENT OF A COMPONENT THAT
MOVES TOWARDS A POSITION DEFINED BY
A LIMIT STOP IN AN INTERNAL
COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35.U.S.C. §119 to
Italian Patent Application No. B02009A-000831, filed on
Dec. 28, 2009 with the Italian Patent and Trademark Office,
the disclosure of which is incorporated herein in its entirety
by reference.

TECHNICAL FIELD

The present invention relates to a method for controlling
the movement of a component that moves towards a position
defined by a limit stop in an internal combustion engine.

PRIOR ART

An internal combustion engine comprises at least one cyl-
inder, in which a piston runs with reciprocating motion,
which piston is mechanically connected to a drive shaft. The
cylinder is connected to an intake manifold by means of at
least one intake valve and is connected to an exhaust manifold
by means of a at least one exhaust valve. In a traditional
internal combustion engine, the position of the intake valves
and of the exhaust valves is directly controlled by one or two
camshafts which receive motion from the drive shaft.

An innovative internal combustion engine has recently
been suggested (commercially known as “Multi-Air”) com-
prising a valve opening control device which controls the
intake valves, managing the opening angle and lift thereof so
as to use the intake valves to control the delivered torque. The
valve opening control device uses a traditional camshaft
which receives motion from the drive shaft, and comprises an
electrically controlled hydraulic actuator (i.e. controlled by
means of a solenoid valve), which is interposed between a
stem of the intake valve and the camshaft, for each intake
valve. By appropriately controlling each hydraulic actuator, it
is possible to adjust the motion transmitted by the camshaft to
the intake valve stem, and it is thus possible to adjust the
actual intake valve lift. Thus, the action of the control device
allows to vary the actual lift of each intake valve indepen-
dently from the other intake valves, for each cylinder and
engine cycle.

In case of problems to the hydraulic circuit which feeds the
hydraulic actuators of the valve opening control device, or in
case of failure of a hydraulic actuator or a solenoid valve of
the valve opening control device, the position of one or more
intake valves may not be controlled correctly (typically the
intake valve concerned by the malfunction always remains
closed). In other words, the opening of the intake valves is not
mechanically guaranteed by the mechanical cam, because
hydraulic actuators are interposed between the intake valves
and the mechanical cam and a malfunction of the hydraulic
actuators in the control/feeding chain of the hydraulic actua-
tors which prevents the correct operating of the intake valves
is possible.

This type of malfunction never has a destructive effective
on the internal combustion engine because in all cases the
maximum stroke of an intake valve is always limited by the
profile of the camshaft, which is studied to avoid any type of
mechanical interference between the intake valves and the
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pistons. In all cases, this type of malfunction must be diag-
nosed promptly because it negatively impacts on both the
torque generated by the internal combustion engine and on
the combustion quality in the cylinders.

In order to diagnose the failed opening of one or more
intake valves it has been suggested to associate a position
sensor (possibly also of the ON/OFF type, i.e. a micro switch)
to each intake valve, which sensor allows to detect the actual
position of the corresponding intake valve in real time. How-
ever, this solution is very costly, both with regards to costs for
purchasing, installing and wiring the position sensors, and
because the position sensors must be appropriately insulated
to withstand the high temperatures which may be reached in
the head zone of an internal combustion engine.

DESCRIPTION OF THE INVENTION

Itis the object of the present invention to provide a method
for controlling the movement of a component that moves
towards a position defined by a limit stop in an internal
combustion engine, which control method is free from the
drawbacks of the prior art and in particular is easy and cost-
effective to implement.

According to the present invention a method for control-
ling the movement of a component that moves towards a
position defined by a limit stop in an internal combustion
engine is provided as disclosed in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with reference
to the enclosed drawings, which illustrate a non-limitative
embodiment thereof, in which:

FIG. 1 is a diagrammatic view of an internal combustion
engine provided with a control unit which implements the
method for controlling the movement of a component that
cyclically moves towards a position defined by a limit stop
which is object of the present invention;

FIG. 2 is a diagrammatic view of a cylinder of the internal
combustion engine in FIG. 1;

FIG. 3 is a perspective view of a detail in FIG. 1;

FIG. 4 is a graphic which illustrates the variation of inten-
sity of the microphonic signal according to the engine angle
and in predetermined surround conditions;

FIG. 5is agraphic which illustrates the FTT ofthe intensity
of the microphonic signal;

FIG. 6 shows a detail of the graphic in FIG. 5 with two
detection windows highlighted;

FIG. 71is a graphic which illustrates the FTT ofthe intensity
of the microphonic signal in the two detection windows;

FIG. 8 is a graphic which illustrates the intensity of the
microphonic signal after a band-pass type filtering operation
in an analysis window;

FIG. 9 is a graphic which illustrates the power of the
microphonic signal within the analysis window filtered by
band-pass operation and identifies an upper threshold value;

FIGS. 10, 11 and 12 are three graphics which illustrate the
steps for determining the median and the mean value of the
higher values of the upper threshold value in sequence; and

FIG. 13 is a graphic which illustrates the energy of the
microphonic signal according to the speed of the internal
combustion engine.

PREFERRED EMBODIMENTS OF THE
INVENTION

In FIG. 1, numeral 1 indicates as a whole an internal com-
bustion engine comprising four cylinders 2 in a straight



US 9,212,611 B2

3

arrangement. Each cylinder 2 comprises a respective piston 3
mechanically connected by means of a connecting rod to a
drive shaft 4 for transmitting the force generated by the com-
bustion in the cylinder 2 to the drive shaft 4 itself.

An electric starter motor 5, which is fed by a battery 6 and
adapted to rotate the drive shaft 4 to start the internal com-
bustion engine 1, is fitted onto the drive shatt 4. A voltmeter 7,
which detects a battery voltage V, is connected to the termi-
nals of the battery 6; furthermore, the drive shaft 4 is coupled
to a speed sensor 8 (typically a phonic wheel) which detects a
rotation speed w of the drive shaft 4.

As shown in FIG. 2, the internal combustion engine 1
comprises an intake manifold 9, which is connected to each
cylinder 2 by means of two intake valves 10 (of which only
one is shown in FIG. 2) and receives fresh air (i.e. air from the
outside environment) through a butterfly valve 11 mobile
between a closing position and a maximum opening position.
Furthermore, the internal combustion engine 1 comprises an
exhaust manifold 12, which is connected to each cylinder 2 by
means of at least one exhaust valve 13 which flows into an
emission pipe (not shown) to emit the gases produced during
combustion into the atmosphere. A pressure sensor 14, which
measures an intake pressure P, is arranged in the intake mani-
fold 9.

The position of each exhaust valve 13 is directly controlled
by a camshaft 15 which receives motion from the drive shaft
4; instead, the position of the intake valves is controlled by a
control device 16, which controls the intake valves 10 man-
aging the opening angle and lift so as to control the torque
delivered by means of the intake valves 10. The valve opening
control device 16 uses a traditional camshaft 17 which
receives motion from the drive shaft 4 and for each intake
valve comprises an electrically controlled hydraulic actuator
18 (i.e. controlled by means of a solenoid valve), which is
interposed between a stem of the intake valve 10 and the
camshaft 17. By appropriately controlling each hydraulic
actuator 18, it is possible to adjust the motion transmitted by
the camshaft 17 to the intake valve stem 10 and it is thus
possible to adjust the actual lift of the intake valve 10. Thus,
the action of the control device 16 allows to vary the actual lift
of each intake valve 10 independently from the other intake
valves 10, for each cylinder 2 and engine cycle.

The internal combustion engine 1 shown in FIG. 2 is of the
direct injection type, thus an injector 19, which injects the fuel
directly into the cylinder 2, is provided for each cylinder 2.
According to a different embodiment (not shown), the inter-
nal combustion engine 1 is of the indirect injection type, and
thus a corresponding injector 19 is arranged for each cylinder
2 upstream of the cylinder in an intake manifold which con-
nects the intake manifold 9 to the cylinder 2.

Finally, the internal combustion engine 1 comprises a con-
trol system 20, which is adapted to govern the operation of the
internal combustion engine 1 itself. The control system 20
comprises at least one electronic control unit 21 (normally
named “ECU”), which controls the movement of the intake
valves 10.

As shown in greater detail in FIG. 3, the control system 20
further comprises at least one acoustic pressure level sensor
22,1.e. amicrophone 22, which is connected to the electronic
control unit 21 and is adapted to detect the intensity S of the
microphonic signal, which detects the movement of the
engine components, for example the exhaust valves 13.

As shown in greater detail in FIG. 3, the microphone 22 is
clearly arranged at different, decreasing distances with
respect to the exhaust valves 13 indicated by 13A, 13B, 13C
and 13D, each of which is associated to a respective cylinder
2.
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The microphone 22 is of the omnidirectional type, but it
may alternatively be directional, and in this case it would be
obviously oriented towards the exhaust valves 13; further-
more, a relatively high frequency sampling, having a value in
the order of size of 100 kHz, is used to acquire the intensity S
of the microphonic signal.

FIG. 4 shows by way of example a graphic which repre-
sents the variation of the intensity S of the microphonic signal
which detects the sound content of the internal combustion
engine 1, and thus also the actuation of the exhaust valves 13
according to time, which is expressed in engine angle
degrees. The graphic in FIG. 4 shows a non-filtered signal
which is acquired by the microphone 22 in predetermined
surround conditions. Indeed, a signal of the type shown in the
graphic in FIG. 4 refers to the conditions of internal combus-
tion engine 1 coasting with the intake valves 10 closed.

During the operating cycle, the intensity S of the micro-
phonic signal generated by the movement of the exhaust
valves 13 according to the engine angle is detected by the
microphone 22 and memorized in a buffer. As previously
shown, a relatively high frequency sample may be used to
acquire the intensity S of the microphone signal.

As shown in the graphic in FIG. 4, the signal is rich in
information but difficult to correlate to the instant and inten-
sity of striking, i.e. to the impact speed of the closing exhaust
valves 13. A Fast Fourier Transform (FTT) must be operated
to obtain this information in order to break the obtained signal
down into a sum of harmonics with different frequencies,
extensions and phases as shown in the graphic in FIG. 5. Two
detection windows W and V expressed in engine angle
degrees must be determined in order to determine which
frequencies are associated to the striking generated by the
closing of the exhaust valves 13.

As shown in FIG. 6, the detection window W has a start
engine angle or o, ., which corresponds to a -15° engine
angle with respect to the upper combustion top dead centre
TDC of the respective cylinder 2, and a finish engine angle
O, s> Which corresponds to a +75° engine angle with
respect to top dead centre TDC. The detection window W is
thus centered about top dead centre TDC.

The detection window V has a start engine angle o, ,,.»
which corresponds instead to a +75° engine angle with
respect to top dead centre TDC (and thus coinciding with the
finish engine angle or @, 4, of the detection window W)
and a finish engine angle a,, 4., which corresponds to
a +165° engine angle with respect to top dead centre TDC.
The detection window V is a neutral detection window, so to
speak, because it covers an interval expressed in engine
degrees far away from the closing of the exhaust valves 13.

Once defined the extension of the two detection windows
W and V, a Fast Fourier Transform (FTT) is operated to break
down the signal related to the two detection windows W and
V. By comparing the signal related to the detection window W
and the signal related to the detection window V it is possible
to determine which frequencies are associated to the striking
generated by the movement of the exhaust valves 13.

As better shown in the graphic in FIG. 7, an analysis
window Y is identified, which corresponds to the window of
frequencies which can be associated to the striking of the
closing exhaust valves 13 thus impacting against a respective
limit stop producing a vibration. This analysis window Y is
comprised, in the example shown in FIG. 7, in the range from
5.5t0 8.5 kHz.

Next, FIG. 8 shows a graphic which illustrates the FFT of
the intensity S of the microphonic signal detected in the
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analysis window Y with a band-pass filtering which may be
applied so as to analyze only the part of the signal richest in
information.

The signal which is obtained allows to associate the strik-
ing generated by the closing of an exhaust valve 13 to the
closing instant, expressed in engine angle degrees. The signal
which is obtained contains more information; indeed, the
extension of the signal is wider the nearer the exhaust valve 13
is to the microphone 22, as will be better described below.

It is hereafter described the method used by the control unit
21 to detect the instant and/or speed of the impact generated
by the closing of the exhaust valves 13 by analyzing the power
P of the signal filtered in the analysis window Y.

After having determined the power P of the filtered signal,
an upper threshold value UTV for the power P of the filtered
signal calculated in the previous step is determined. The
graphic shown in FIG. 9 shows the pattern of the power P of
the filtered signal and the upper threshold UTV value, which
is determined according to the speed.

At this point, the engine degree values are identified in the
graphic in FIG. 9, to which a power signal P higher than the
upper threshold value UTV corresponds. The median M, i.e.
the value of power P, which halves the sorted distribution of
the set of values assumed in the previous step, i.e. the power
values P higher than the upper threshold value UTV, is deter-
mined.

A range of values is obtained, which is delimited by an
upper limit value L, and by a lower limit value L, and is
centered on the median M. Finally, the mean value . ,,,.;,, of
all engine angle values, which are included in the range
delimited by the upper limit value [, and by the lower limit
value L;, is calculated.

The angle expressed in engine degrees corresponding to
the closing of the exhaust valve 13, is equal to the difference
between the previously calculated mean value a.,,,,,, and a
contribution imputable to the transmission delay At due to the
propagation of sound.

The method used by the control unit 21 for calculating the
transmission delay At due to the propagation of sound is
described below.

During a preliminary design phase, as shown in FIG. 3, the
distances d1-d4 existing between microphone 22 and each
exhaust valve 13, the movement at a respective cylinder 2 of
which it is intended to verify (i.e. the distance between 22 and
member of the internal combustion engine 1 which impacts
on a respective limit stop in a step of closing), are determined.

The transmission delay At is calculated by using the dis-
tances d1-d4, the speed of sound V.., and the rotation speed
w of the camshaft 15; transmission delay At which is
expressed in engine degrees and indicates the delay with
which the microphone 22 hears the intensity S of the micro-
phone signal generated in the internal combustion engine 1 by
the investigated phenomenon, i.e. in this case by the closing
of the exhaust valves 13.

Preferably, the transmission delay At expressed in engine
degrees is calculated by applying the following equation,
assuming that cylinder 2 is taken into consideration:

Ar=(d2/Vsound)*6*w

Where:

At [°] transmission delay expressed in engine degrees;

d2 [m] distance existing between microphone 22 and the
element of the internal combustion engine 1, the movement of
which it is intended control, i.e. the exhaust valve 13 of the
cylinder 2;

w [rpm] rotation speed of the camshaft 15;

Vsouna [1V/s] propagation speed of the sound in the air.
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The signal related to the exhaust valve 13 of the cylinder
2 A has a wider extension that the extension of the signals at
the other cylinder 2B-2D, because cylinder 2A is closest to
the microphone 22. Similarly, the signals related to the clos-
ing of the exhaust valves 13 of the cylinders 2B, 2C and 2D
display gradually decreasing extensions because the exhaust
valves 13 themselves are arranged at increasing distances d2,
d3, d4 from the microphone 22.

At this point, it is thus possible to calculate the angle
expressed in engine degrees corresponding to the closing of
any exhaust valve 13 according to the following equation:

a, —At

medio

a

v__close

Where:

At [°] transmission delay expressed in engine degrees;

Um0 |°] mean value a,.;, of all engine angle values
which are included in the range delimited by the upper limit
value L, and by the lower limit value L, ;

&, o105 [°] closing angle of the exhaust valve 13.

According to a variant, the mean value ot ;,, of the instan-
taneous engine angle closing values of the exhaust valves 13
is calculated using the derived of the power signal measured
by the microphone 22 over time.

According to a further variant, an emphasizer is applied to
the band-pass filter of the intensity S of the microphonic
signal in the analysis window'Y, so as to emphasize the part of
signal richest in information. The power of the resulting sig-
nal can thus be calculated and the method described above
can be used to identify the closing instant of the exhaust
valves 14 according to power.

The signal detected by the microphone 22 may be used also
to determine the striking speed generated by the closing of the
exhaust valves 13.

The energy E of the filtered signal with band-pass illus-
trated in FIG. 8 must be determined in order to detect the
closing speed of the exhaust valves 13, i.e. the impact speed of
the exhaust valve 13 itself.

The energy E of the microphonic signal S filtered with the
band-pass is calculated by means of numeric integration of
the filtered microphonic signal S itself. In particular, the fil-
tered microphonic signal S taken into consideration is com-
prised in the analysis window Y (comprised between 5.5 and
8.5 kHz) which corresponds to the window of frequencies
associable to the striking of the exhaust valves 13 which close
and then impact against a respective limit stop producing a
vibration. Furthermore, the filtered microphonic signal S
which is taken into consideration is related to a time interval,
which is of preset duration and is centered on the previously
calculated closing angle a, . of the exhaust valve 13.

From the operative point of view, the energy E of the
filtered microphonic signal S is correlated to the impact speed
of the exhaust valve 13 on a respective seat: for example, in
the case of engine with camshaft, the speed is proportional to
the RPM of the internal combustion engine 1, as shown in
FIG. 13. It is indeed known that the opening and closing
ramps of the valves are at constant speed according to the
camshaft angle and thus proportional to the rotation speed of
the internal combustion engine 1. In particular, the experi-
mental law of the energy E of the microphonic signal S
filtered at the impact speed of the exhaust valve 13 on a
respective seat is essentially quadratic (or rather cubic).

In a preliminary design phase, the preferably bi-univocal
function is determined which correlates the energy E of the
microphonic signal S filtered by the impact speed of the
exhaust valve 13, e.g. as mean of several acquisitions, which
may be installed in the electronics control unit 21.
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In order to detect the impact or closing speed of the exhaust
valve 13, a number of cycles N is established in which to
repeat the detection steps of the energy E of the filtered
microphonic signal S to obtain the N values of the impact or
closing speed of the previously identified bi-univocal func-
tion. N speed values are obtained after having repeated the N
detection cycles, which N values are memorized in a memory
buffer. The valve impact or closing speed is calculated as
mean value of the N values: for example, as arithmetic aver-
age or by using the previously described median method for
detecting the impact instant or timing of the exhaust valve 13.

According to a variant, an N number of cycles in which to
repeat the detection operation of the energy E of the filtered
microphonic signal S is established according to a variant for
detecting the impact of closing speed of the exhaust valve 13.
After having repeated the N detection cycles, N values of
energy E are obtained, which are memorized in a memory
buffer. The mean energy E is calculated as mean value of the
N values of energy E detected above (e.g. as arithmetic mean
or using the previously described median method). The cor-
relation function previously identified for correlating the
mean energy E and the impact or closing speed of the exhaust
valve 13 is used in order to obtain the impact speed.

According to a further variant, the control method
described hereto is capable of calculating the sound pressure
and power levels (i.e. the acoustic pressure waves) detected
by the microphone 2 and generated by the impact. During the
design and set-up phase, at least one threshold value Vg, with
which to compare the calculated sound pressure level and at
least one threshold value Vg, which with to compare the
calculated sound power level are determined.

For example, the threshold values V., V¢, may be estab-
lished according to the noise perceived by the driver so as to
diagnose excessive noisiness of the internal combustion
engine 1 when the calculated pressure and sound values are
higher than the predetermined threshold values Vg, Vgp.
Obviously, a plurality of threshold values Vg, Vg could be
provided, which indicate, for example, either the absence of
noise produced by the internal combustion engine 1, or the
presence of a modest, acceptable noise, or the presence of
excessive, not supportable noise.

The method described hereto with reference to estimating
the closing instant and speed of the exhaust valves 13 may
also be used to estimate the instant and the closing of any
other component of the internal combustion engine 1 which
moves cyclically from an initial (opening or closing) position
to a final opening or closing) position defined by a limit stop.

It is apparent that the extension of the frequency bands
which identify the analysis window Y and the detection win-
dows W, V etc. must be determined according to the compo-
nent the closing instant and speed of which it is intended to be
investigated.

After having determined the closing angle o, ;. of the
exhaust valve 13, the value of the closing speed of the exhaust
valves 13 and the sound pressure and power levels, one or
more of these magnitudes can be used as feedback in a closed-
loop control. In particular, the target mean values of these
magnitudes representing the striking of the exhaust valve 13,
i.e. the closing angle o, ;.. the closing speed and the sound
pressure and power levels can be determined in a preliminary
design and set-up phase of the control system.

Such target mean values are compared with the detected
values so as to obtain an error E which is used to determine the
closed-loop contribution attempting to cancel the error E
itself.

The description above is advantageously applied also to the
control of the movement of components other than the
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exhaust valves 13 which move towards a position defined by
a limit stop, without because of this loosing in generality: for
example, the intake valve 10, for control solenoid valves as in
an internal combustion engine of the type commercially
known as “Multi-Air”, for the fuel injector.
The control method may be implemented, for example, for
controlling intake valves 10, for controlling positioninaVVT
(Variable Valve Timing) system of known type, for control-
ling camless engine valves, etc.
The control method described hereto for determining the
closing instant and speed of a component that cyclically
moves towards a position defined by a limit stop has many
advantages because it is easy to implement also in an existing
electronic control unit 21 without requiring a high additional
computing burden. Furthermore, it is necessary to simply
insert an omnidirectional microphone 22 inside the internal
combustion engine 1 and to connect it to the electronic control
unit 21.
Finally, the method allows to estimate with very high accu-
racy and confidence the instant impact and/or speed of impact
of the component against the limit stop by analyzing the
microphonic signal generated by the impact itself.
The invention claimed is:
1. A method for determining movement of a component
that moves towards a position defined by a limit stop in an
internal-combustion engine (1), the said method comprising
the steps of:
controlling the arrangement of at least one acoustic micro-
phone (22) at different decreasing distances with respect
to and orientation of the acoustic microphone (22)
toward the component so that intensity (S) of a signal
generated by impact of the component against the limit
stop can be detected by the acoustic microphone (22);

detecting, by the acoustic microphone (22), the intensity
(S) of the signal generated by the impact of the compo-
nent against the limit stop by sampling at high fre-
quency, having a value in the order of size of 100 kHz, to
acquire the intensity (S) of the signal generated by the
impact of the component against the limit stop;

memorizing in a memory buffer, the intensity (S) of the
signal generated by the impact of the component against
the limit stop according to the engine angle detected by
the acoustic microphone (22) during the operating cycle;

determining two detection windows (W, V) expressed in
engine angle and having each a respective start engine
angle (aw_start, av_start) and a respective finish engine
angle (aw_finish, av_{finish);
comparing the intensity (S) of the signal within the two
detection windows (W, V);

determining the extension of an analysis window (Y) of the
intensity (S) of the signal based on the comparison
between the intensity (S) of the signal within the two
detection windows (W, V), wherein start engine angle
(aw_start) of the first detection window (W) corre-
sponds to about a —-15° engine angle with respect to an
upper combustion top dead centre (TDC) of a respective
cylinder (2) of the internal-combustion engine (1),
wherein finish engine angle (aw_finish) of the first
detection window (W) corresponds to about a +75°
engine angle with respect to the top dead centre (TDC)
such that the first detection window (W) is centered
about the top dead centre (TDC), wherein start engine
angle (av_start) of the second detection window (V)
corresponds to about a +75° engine angle with respect to
the top dead centre (TDC) and substantially coincides
with the finish engine angle (aw_finish) of the first
detection window (W), and finish engine angle (av_{fin-
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ish) of the second detection window (V) corresponds to
about a +165° engine angle with respect to the top dead
centre (TDC); wherein the second detection window (V)
is a neutral detection window which covers an interval
expressed in engine degrees remote from the impact of
the component against the limit stop;
detecting, by the microphone (22), and memorizing the
intensity (S) of the signal according to an engine angle
and to the time within the analysis window (Y);
determining the at least one of the impact instant and
impact intensity by analyzing the intensity (S) of the
signal within the analysis window (Y);
determining a mean value of the at least one of the impact
instant and impact intensity of the component against
the limit stop; and
determining an error (E) from the comparison between the
mean value of the at least one of the impact instant and
impact intensity of the component against the limit stop
and at least one of the impact instant and impact intensity
of'the component against the limit stop;
controlling the movement of the component that moves
toward a position defined by a limit stop by using the
impact of the component against the limit stop as feed-
back in a closed loop control;
filtering the intensity (S) of the signal within the analysis
window (Y) by a band-pass filter;
detecting and memorizing the energy (E) of the filtered
signal within the analysis window (Y) in a time interval
around the instant of the impact;
establishing a number (N) of cycles and a correlation law of
the energy (E) of the filtered signal (S) with the impact
speed of the component detecting and memorizing in the
memory buffer a number (N) of values of the impact
speed of the component obtained from the correlation
with the energy (E) of the filtered signal (S) within the
analysis window (Y), equal to the number (N) of cycles;
and
determining the impact speed of the component by using
the mean of the values of impact speed obtained from the
filtered signal within the analysis window (Y).
2. The method as set forth in claim 1, wherein the method
further includes the steps of:
determining a distance (d) existing between the micro-
phone (22) and the component the at least one of the
impact instant and impact speed of which against the
limit stop has to be determined;
calculating a transmission delay (At) expressed in engine
angle according to a rotation speed (w) of a drive shaft
(15) of the internal-combustion engine (1) and to the
distance (d) existing between the microphone (22) and
the component; and
determining the at least one of the impact instant and
impact speed of the component against the limit stop
also according to the transmission delay (At).
3. The method as set forth in claim 2, wherein the trans-
mission delay (At) expressed in engine angle is calculated by
applying the equation

A= (@Y sounad)* W]

and
At=transmission delay expressed in engine angle,
d=distance existing between the microphone (22) and the
component,
w=rotation speed of the drive shaft (15), and
Vo.mi—propagation speed of the sound in the air.
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4. The method as set forth in claim 3, wherein the angle
corresponding to the instant of the impact of the component
against the respective limit stop is calculated by applying the
equation

a, —At

medio

a

v__close

and
At=transmission delay expressed in engine angle,
A,..z.—mean value of the angle corresponding to the
moment of the impact calculated by analyzing the signal
generated by the impact, and
+_close—angle corresponding to the impact of the compo-
nent against the respective limit stop.
5. The method as set forth in claim 1, wherein the method
further includes the step of:
carrying out a fast Fourier transform of the intensity (S) of
the signal within the two detection windows (W, V), in
order to determine the extension of the analysis window
¥).
6. The method as set forth in claim 1, wherein the method
further includes the steps of:
filtering the intensity (S) of the signal within the analysis
window (Y) by a band-pass filter; and
calculating the at least one of the impact instant and impact
speed by using the filtered intensity (S) of the signal
within the analysis window (Y).
7. The method as set forth in claim 6, wherein the method
further includes the step of:
emphasizing the signal filtered in the band of the band-pass
filter by an emphasizing device.
8. The method as set forth in claim 6, wherein the method
further includes the steps of:
detecting and memorizing the power (P) of the filtered
signal within the analysis window (Y); and
determining the instant of the impact based on the power
(P) of the filtered signal within the analysis window (Y).
9. The method as set forth in claim 6, wherein the method
further includes the steps of:
detecting and memorizing the power (P) of the filtered
signal within the analysis window (Y); and
determining the instant of the impact based on the deriva-
tive in time of the power (P) of the filtered signal within
the analysis window (Y).
10. The method as set forth in claim 8, wherein the method
further includes the steps of:
determining an upper threshold value (UTV) of the power
(P) of the filtered signal within the analysis window (Y);
identifying the instants in which the power (P) of the fil-
tered signal within the analysis window (Y) is higher
than the upper threshold value (UTV); and
determining the mean value of the instant of the impact of
the component within the analysis window (Y) based on
the power (P) values associated with the instants in
which the power (P) of the filtered signal within the
analysis window (Y) is higher than the upper threshold
value (UTV).
11. The method as set forth in claim 10, wherein the
method further includes the steps of:
determining the median (M) of the power (P) values asso-
ciated with the instants in which the power (P) of the
filtered signal within the analysis window (Y) is higher
than the upper threshold value (UTV);
identifying an interval of values centered on the median
(M): and

¢}
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calculating the mean value of the instant of the impact
within the analysis window (Y) as mean of the power (P)
values contained within the interval of values centered
on the median (M).

12. The method as set forth in claim 1, wherein the method

further includes the steps of:

detecting and memorizing the energy (E) of the filtered
signal within the analysis window (Y) in a time interval
around the instant of the impact; and

determining the impact speed of the component by using
the energy (E) of the signal within the analysis window
).

13. The method as set forth in claim 12, wherein the

method further includes the steps of:

Establishing a number (N) of cycles and a correlation law
of'the energy (E) of the filtered signal (S) with the impact
speed of the component;

detecting and memorizing in a memory buffer a number
(N) of values of the impact speed of the component
obtained from the correlation with the energy (E) of the
filtered signal (S) within the analysis window (Y), equal
to the number (N) of cycles; and

determining the impact speed of the component by using
the mean of the values of impact speed obtained from the
filtered signal within the analysis window (Y).

14. The method as set forth in claim 13, wherein the

method further includes the steps of:

determining the median (M) of the values of the impact
speed of the component;
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identifying an interval of values centered on the median
(M): and

calculating the mean value of the impact speed within the
analysis window (Y) as mean of the values of impact
speed contained within the interval of values centered on
the median (M).
15. The method as set forth in claim 1, wherein the com-
ponent is a valve (10, 13) of the internal-combustion engine
(1) and the impact occurs in correspondence of the closing of
said valve (10, 13).
16. The method as set forth in claim 1, wherein the method
further includes the steps of:
detecting and memorizing at least one of sound power and
sound pressure levels of the signal generated by the
impact of the component against the limit stop;

establishing at least one threshold value (V) for the
sound power level of the signal and at least one threshold
value (Vgp,) for the sound pressure level of the signal;

comparing the at least one of the sound power and sound
pressure levels of the signal generated by the impact of
the component against the limit stop with the respective
threshold values (Vgp, Vgp,); and

diagnosing the excessive noise of the internal-combustion

engine (1), in case the calculated values of the at least
one of the sound power and sound pressure of the signal
generated by the impact of the component against the
limit stop are higher than the respective predefined
threshold values (Vgp, Vgp,.).
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